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INTRODUCTION

One of the primary uses for wind tunnels is to be able to place
scale models of vehicles into the tunnel in order to measure the
aerodynamic loads on the vehicle. This concept of testing small-
scale vehicles has been done ever since the development of the first
airplane. Early systems utilized strain-gage beam balances mounted
outside of both the model and tie tunnel. Later improvements in
instrumentation made it possible to place a cantilever balance
instrumented with strain gages inside the model.

The primary vehicles tested at the Naval Surface Weapons Center,
white Oak Laboratory (formerly the Naval Ordnance Laboratory), have
been weapon configurations that had relatively small out-of-plane
loads in comparison to those in the plane of the angle of attack.
Consequently, it was possikle to utilize a system whereby the
interactions between the in-plane and out-of-plane loads were nulled
by electrically shunting appropriate arms of the Wheatstone bridge
circuits (Ref. (i1)). This is accomplished by loading the balance in
one plane and then adjusting the resistances in the appropriate legs
of the bridges in the gages of the orthogonal plane so that there 1is
no indication of a load in this orthogonal plane. This technique
effectively eliminated all first-order interactions and provea to be
quite accurate and acceptable.

In recent years, with the introluction of re-entry vehicles and
quite small tolerances on the measurement of in-plane and out-of-plane
loads it became necessary to improve the accuracy of the load
measurements. The scheme chosen to do this was one that has been
utilized for some time by other tunnel complexes where a wider
variety of vehicle types have been tested (Refs. (2)-(5)). The

(l)Shantz, L, Cilbert, B...D., White, C.E."NOL Wind-Tunnel Internal

Strain-Gage Balance System," NSWC/WOL, NAVORPD Rpt. 2972, Sep 1953
(Z)Hansen, Raymond M., "Evaluation and Calibration of Wire-Strain-
Gage Wind Tunnel Balances Under Load," AGARD Rpt. 13, Feb 1956

(3)"Calibration and Evaluation of Multicomponent Strain-Gage
Balances," Prepared for presentation to the NASA Interlaboratory
Force Measurements Group meeting held at JPL 16-17 Apr 1974

(4)Smith, David L., "An Efficient Algorithm Using Matrix Methods to

Solve Wind-Tunnel Force-Balance Equations," Langley Research

Center, NASA TN D-6860, Aug 1972

(5)Hur1burt, R. T. and Berg, D. E., "A Non-Iterative Method of

Reducing Wind Tunnel Moment Balance Data," Sandia Laboratories,

Albuquerque, N. M., SC-RR-720665, Mar 1973
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basic scheme reported on in Reference (4) has been modified and
adapted to our needs. Basically this involves the use of second-
order equations to fit for the interactions rather than the electrical
nulling of only the first-order interactions.

STRAIN-GAGE BALANCE

Forces and moments can be measured by equating a change in
strain at a point on a cantilever beam to the force and/or moment
that caused the strain. The ideal situation is to construct a
balance so that the tension or compression in an individual section
is sensitive to only one type of loading. It is then possible to
locate a strain gage on the surface of the balance and calibrate the
change in resistance of the gage with respect to the load that
caused it.

Rather than use one gage it is better to utilize four gages
arranged in a Wheatstone bridge circuit as shown in Figure 1.

SIGNAL
g OUT

+L—vJ-—

FIG.1 WHEATSTONE BRIDGE

This design makes it possible to measure the absolute change in
voltage, makes the output proportional to four times the output

of one gage, helps to minimize temperature effects, and helps

to isolate the load. If the four gages in the bridge are

located on a balance section so that the load causes the

surface under gages 1 and 3 to be in tension (increase in gage
resistance) and the surface under gages 2 and 4 to be in compression
(decrease in gage resistance) signal lead A would be at a lower
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potential and signal B at a higher potential. By means of a cali-
bration this change in potential can be equated to the load that
caused it.

In order to measure a force and the moment it causes about some
point on the balance, it is necessary to measure the strain in the
balance at two locations. For instance, in Figure 2, if a force is
applied at any point along the beam it generates a moment which
varies along the beam.

FIG.2 CANTILEVER BEAM BALANCE

The moments at gage sections one and two are equal to,

Ml = Fll

M,
These moments can be measured with Wheatstone bridges located at
sections one and two. Assuming that these are measured, the
moments can be added to get

Ml + Mz = F(ll + 22) (1)

or they can be subtracted to get

M, - M, = F(El = 22) . (2)

1 2
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Since,
11 - lz = AX = known distance between the gage sections,

the equations can be written as
M

+ M, = F(X + 212) (3)

1 2

M, - M, = FAX . (4)

These can then be solved for the two unknowns, F and 22.

F=—2__2 (5)

- i __2 X
L - (6)

Knowing these, the force and its point of application, the moment
about any point on the balance can be calculated.

Utilizing the above concepts, it is possible to instrument the
balance in both the pitch and yaw planes. Since both planes are
instrumented the same, only the pitch plane will be shown. There are
two different wiring circuits in use at the White Oak Laboratory.
In the first, the two-moment method, a forward balance section and
an aft section are wired independently as shown in Figure 3. By
treating the fore and aft sectionsi separately it is possible to
minimize the effects of a temperature gradient along the balance.
In this case it is necessary to add and subtract the moments
measured at each section for use in Equations (5) and (6). This is
done in the data-reduction program.

In the second wiring circuit, the force-moment method, the
moments are added and subtracted electrically on the balance as is
shown in Figure 4. This has the advantage in that the output signals
are directly proportional to a force and a moment but has the dis-
advantage in that a temperature gradient along the balance causes a
change in the output that is hard to adjust or account for in a
rational manner.

Similar techniques are used to measure the roll moment and axial
force, although the mechanical design of the gage mounting sections
becomes more intricate. As shown in Figure 5, the roll section
usually consists of a cruciform section, and the axial sectic ' of a
series of thin webs.

As mentioned earlier, the objective of the balance designer is
to design gage sections that will respond to only one type of lcad
with no interactions between loads. If this could be accomplished,
a large part of the rest of this report would not be necessary; but,

6
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FORWARD PITCH AFT PITCH
BRINGE SIGNAL BRIDGE SIGNAL

FORWARD PITCH AFTPITCH
BRIDGE SIGNAL BRIDGE SIGNAL

FIG.3 TWO MOMENT PITCH GAGE SECTIONS
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FIG. 4 FGRCE-MOMENT PITCH GAGE SECTIONS
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since there are always some interactions (although they are usually
very small) it is necessary to account for them in the resolution of
the loads being measured.

GENERAL LOAD RESOLUTION TECHNIQUE

The general scheme in using a strain-gage balance to measure
aerodynamic loads consists of first loading the balance with known
loads and then relating its response to these known loads through a
set of calibration constants. These constants can then be used to
determine an unknown load applied to the balance by going through
the inverse process. Since there are six degrees of freedom in the
model's system, it is necessary to use a six-component balance to
determine all of them. These six loads are:

F

normal force

=z

F, = yaw force

)

pitching moment

0<F

= yawing moment

MZ
Mx = rolling moment
FA = axial force

The standard model axes and loads are shown in Figure 6.

If the assumption is made that the variation of the balance out-
put with load is only slightly nonlinear, then only second-order
load effects need to be calibrated (this assumption is checked during
each calibration). All possible second-order load combinations are
-as follows:

P
FY FNFY Fi
My FgMy  FyMy My
Z FNMZ FYMZ MYMZ M:

= X

X FNMx FYMx MYMX M_M M

&)

A FNFA FYFA MYFA M_F MJF F

For bookkeeping purposes, the 27 load combinations have been assigned
the following subscripts:

10
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FIG.6 MODEL AXES

11
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Load Subscript Load Subscript
Fy 1 FoM, 15
Fy 2 F M, 16
M, 3 FyFa 17
M, 4 Mé 18
° MM, 19
F 6
A MyMy 20
2
Fe 7 M F, 21
FyFy 8 Mg 22
F 9
Ny MM, 23
F\Ms 10 M,F, 24
F.M 11
NTX 2
25
FyFa 12 "x
F 26
) MyFa
Fa 13 5
F 27
F M, 14 -

The six output channels of the balance have been designated as,

Channel Load Symbol
1 F ]

N 1
2 Fy 0,
< My b5
4 M, 0,
g My 85
6 F 8

According to the assumption that the highest order of non-
linearity in the balance output is second order, the output of the
ith channel can be represented as

12
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+ ... + k. .F2 (7)

+ ... + k i,27%a

B, = k

) +
i 1,1FN k

i,2Fy i,14FyMy
where ki .(i=1,2,...6), (j =1,2,...27) are balance coefficients
’

to be determined in the calibration of the balance. Equation (7)
can thus be normalized by dividing both sides by ki i and then
’

expressing it as follows.

2

(Li)u = Ki,lFN + Ki,ZFY + ... + Ki,27FA (8)
where k

K = E3i1-= normalized inter ~tion coefficient when i # j

1e] iz i
K. . =1when i = j

i,)

_ _ :th e
w, = 1/k, ., =1 component sensitivity
i i, i

(Li)u = uiei = uncorrected load on the ith component

For the case where i = 1, Equation (8) becomes

- 2
(FN)u = FN + Kl,sz + ... + Kl’27FA . (9)

Equation (9) can then be arranged as

- _ 2
Fy = (FN)u (K] oFy * oov + K 50Fp) . (10)

Equation (8) consists of six equations similar to Equation (10) which
present the true loads as a function of the uncorrected, indicated
loads and all of the first- and second-order interactions. These
equations are:

Fy = (FN)u - Ky Gy + ..+ x1’27p§) (11)
Fy = (FY)u = (Kz’lFN + K2'3MY + ... 4+ K2'27F§) (12)
My = O) - Ky Ry K3'27F§) (13)
My = ) - Ky Ry K4,27F§) (14)
My = ) - (Ko gBy s K5'27F§) (15)

13
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2

K6,27FA) (16)

= ! =
F P) (K6,1FN + ... +

The remaining problem is one of how to utilize t.iese equations
in order to obtain the true iocads acting on a model during a test.
Since all of the equations are coupled through the first- and second-
order interactions, an iterative approach has been utilized to
solve them. It is not absolutely necessary to use an iterative
scheme (see Ref. (5)) but in order to handle a wide range of balances
for which the relative magnitude of the nonlinear terms varies, it
is the most accurate and quickest way of solving them.

Matrix relationships were used in order to expedite the handling
of Equations (11)-(16) by making the following definitions.

.611
®2
Output
channel (:) = |%] = (6,1 i=1,2,...6
matrix 94
o5
.GGJ
r‘FN-
Fy
Load _ _ .
matrix L = MY = [Li] 1 = 112'-0-6
My
R
Ff;
FNFY
Second order F -
force and moment ) P = NMY4 = L,L, - - iri;i--ﬁ 6
product matrix s J J ' P
2
Fa

14
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ul’l 0 0 0 0

0 ”2,2 0 0 0
Sensitivity 0 0 M3 4 0 0
matrix o= O

0 0 0 u4'4 0 0

0 0 0 “5,5 0

0

i 0 0 0 “6,6_

1 ST TR T 4 TR S

K 1 K K K K
First-order KZ, X 12' K2, KZ, Kz’
interaction Cl = 3, 3, i 3, 3,
coeff. matrix K4’ K4' K4' 1 K4' K4'

K5 KS, K5, KS, 1 KS,

%6,1 ¥6,2 F6,3 Ke,a Ke,5 1|

LT A S TS L T Itk X1,27

Br.2 Fa.8 ®a.9 Ko g oo k2,27
Second-order K K K K, ;A ¢ccece. K
interaction C2 = K3'7 K3' K3' K3’10 K3'37
coeff. matrix 4,7 4, 4, 4,10 ~°°°° 4,27

Kg 2 B58 B5.0 Ks, 10 :::°- K5, 27

K67 F6p8 T659 6pld i cES 27

Equations (11)-(16) can then be written as,

ClL + C2P

u
u(®) C,L + C,P

Now il C2P is subtracted from each side and then each side is

premultiplied by the inverse of Cl’ Equation (18) becomes,

L

or

-1 SRS
c;w@®- c]tc,p = clcL = L

or = -1
L=clu@®-cyc,p .

Letting Lu = u(:) , the uncorrected loads which can always be
calculated directly from the balance output channels, and

15

(17)

(18)

(19)

(20)
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S ok
M = C1 C2
then
P
L = C1 Lu MP g (21)

The values for CIl and M are known from the balance calibration
(see next section). The values for Lu can be calculated from the

balance output channel readings and, for the first approximation,
P can be calculated using the uncorrected loads, Lu; therefore, for

the first iteration

L1 = Cl'Lu - MP o (22)
where
P = (Li) (L.) i=1,2,...6 (23)
u Ju j=1i...6

For the second iteration use

P =P, = (L,) (L.) (24)
1 i 1 j 1
and
L. =cl - mp (25)
2 1 Tu 1 ‘
th . .
The n iteration would then be
)
L =C;’L, -MP_ - (26)

These iterations should be continued until the differences in the
interaction loads are equal to the resolution of the system, or

- < -
|MPn MPn_zl £ |resolution| : (27)

-1

Generally the digital resolution of the recording system is expressed
in counts, with one count being the smallest unit of resolution, and
the sensitivity of the output channel, Mo is expressed as load/

count. In that case the resolution is equal to the sensitivity Hye

The following limit has proven to be adequate to obtain accurate
results:

1
- =

IMp__, - MP__,| 23, (28)
Usually only two or three iterations are needed to obtain this limit.

Some of the computer routines used to perform the work reported
on in this report are enclosed in Appendices A, B and C. Appendix C
contains the data-reduction subroutines which are used to
accomplish the above technique.

lé
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BALANCE CALIBRATION

The purpose of conducting a balance calibration is to measure the
balance responsa to known loads in such a manner that the inverse
procedure can be utilized to measure unknown loads as a function of
the balance response to these loads. As mentioned earlier, a second-
order, combined .oad calibration has always proved sufficient. This
type of calibration is performed by first determining the balance
response to pure primary loads and then, to combinations of these
loads. This is accomplished by attaching a lighiweight, rigid
caliuvrating bar to the balance and then applying lcads to the bar.
The purpose of the bar is to provide a way of transferring loads to
the balance in the same manner as they are transferred from the
model to the balance. Primary loads are applied one at a time and
the balance response on all channels is recorded. As an example, if
pure normal forces are applied to the balance center by hanging
weights at the center, all of the loads other than normal force drop
out of Equations (11)-(16) and the remaining terms can be utilized
to solve for the primary sensitivity of the balance to normal force.

For n weights there are n sets of the following equations:

Fy = H19 - (K1’7F§) = weight (29)
Py = 48, - (K, Fu + x2'7s~§) =0 (30)
My = 303 = (K3 jFy + K3,7Fr?1’ = (B}
My = g0, - (K, R+ x4'71=§) =0 (32)
Mx = “565 - (KS,IFN + K5’7F§) =0 (33)
Fp = Hghg = (Ko, (Fy + KGI.’F;) =0 (34)

Equation (29) can be solved by fitting the values of Wy as a function
of applied weight in order to determine My and K1 7° The results
- 8

expressed on the other channels as a function of normal force are
recorded and saved for later reduction. Each of the other primary
loads can be added individually and each primary sensitivity
obtained in the same fashion. Once the primary sensitivities are
known, it is possible to go back and reduce the data recorded on
the other balance channels. For example, Equations (11)-(16) can
now be fitted in order to obtain the remaining unknown coefficients,

Ki 1 and Ki 2 (i =2+ 6). After this has been accomplished, all of
r ’

the primary sensitivities and all of the first-order interaction
coefficients are known.

17
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In the determination of the second-order interaction coefficients
it is necessary to apply combined loads to the calibrating bar. For
example, if both a normal force and a yaw force are applied
simultaneously, substitution of the loads into Equations (11)-(16)
would g.ve the following equations:

_ _ 2 2
B 1= “161 (1(1'25'Y + KL_’FN + KLBFNFY + K1,13FY) (35)
= - 2 2
FY = ”262 (KZ'IFN + K2'7FN + KZ'BFNFY + K2,13FY) (36)
- _ 2 2
0 = u363 (K3,1FN + K3'2FY + K3'7FN + K3'8FNFY + x3'13FY) (37)
: (39)
_ _ 2 2
0 = “696 (KG,IFN + KG'ZFY + K6'7FN + K6'8FNFY + K6,13FY) (40)

Since the terms Ki 8(i =1 - 6) are the only unknown terms, they can
’
be easily solved for as follows:

- K. ,F. - K, F

u.0. - K. .F. - K
1,13 ¥ (41)

Mi%i T K aFe T Ky oFy
i,8 FNFY

for i =1 - 6.

In principle, only one combined load has to be loaded in order to
solve for Ki 8’ but in order to minimize errors and to help check
’

the assumption that second order is the highest order of nonlinearity,

several are loaded and the series are fit to obtain Ki 8(i =1 - 6).
’

The remaining second-order coefficients are obtained in a similar
fashion.

In order to expedite the handling of the calibration data, the
following definitions were made.

62 . = balance output
'l,n
LQ,t,n = loads applied
Ki z" balance coefficients
14

where
2 = group number (1-27) the same as used to define the
27-load configurations on page 12.

i = output chani el number (1-6)
n = sequential numerical order of the weights (1-15)

t = type of load

18
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The correspondence between these values is as follows:

1oad Type, t

Fy 1
Fy 2
My 3
4, 4
5
Fp 6
LOAD TYPE
Load Group Primary Secondary Coefficient
1 1 Ki,l
£ < i,2
3 3 Ki,3
4 4 Ki,4
5 5 Ki,S
6 6 Ki,6
7 1 1 Ki,7
8 1 2 Ki,8
9 1 3 Ki,9
10 1 4 Ki,lo
11 1 5 Ki,ll
12 1 6 Ki'12
13 2 2 Ki,13
14 2 3 Ki,l4
15 2 4 Ki,ls
16 2 5 Ki,16
17 2 6 Ki,l?

19
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LOAD TYPE (Cont'd)

Load Group Primary Secondary Coefficient

18 3 3 K

i,18
19 3 4 Ki,l9
20 3 5 Ki,ZO
21 3 6 Ki,21
22 4 4 Ki,22
23 4 5 i,23
24 4 6 i,24
25 5 5 xi,25
26 5 6 Ki,26
27 6 6 Ki,27

The equations for the primary and first-order interaction co-
efficients, Equations (29)-(34), can then be written as,

_ 2
O,i,mn = 2,2k, 0,n * By, b, 0,0 (42)
where for £ =1 - 6,
1=1-6
I=21-(6-2)(7;Q)+1
Ay o =Ky /My
Bj 1 ™ Ki,I/ui

For each of the six load setups Equation (42) can be fitted for the
six channels and n data points in order to obtain the 72 values for

Ai,l and Bi,I' For the six sets of Ai,l and Bi,I where i = £ the

values of ui can be found since for i = ¢, Ki L = 1 and “i = l/Ai ¢"
(4 1
The first-order interactions can then be calculated from,

K. = u.A (43)

i,

Ki,I = “iBi,I . (44)
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The equations for the second-order interactions, Equation (41),
can be expressed as follows.

2 2
U Mi9% ,i,n " Fi,ale,a,n = ¥i,8l2,B,n -
i,2 Ll,A,nLl,B,n

for i = 1 - 6 and where

4 A _B

8-12 1 & -6

14-17 2 2 - 11

19-21 3 2 - 15

23,24 4 2 - 18

26 5 2 - 20
c=21- (6 -85P +a
p=21- (6-8(15B) +8

The main routines used in the balance calibration program have
been listed in Appendix B.

MODEL WEIGHT EFFECTS

Since a combined load, second-order calibration is used to
calibrate the balance and since this necessitates referencing all
loads to a condition of zero load-zero balance reading, the act of
just placing a model on the balance will be indicated as a load in
the balance readings. With a six-component balance, these balance
readings can be used to determine the model weight and center of
gravity. These values could then be used to calculate the balance
load caused by the model as the model orientation is changed in the
tunnel. The subtraction of these loads from the loads measured
during the run would then leave the desired aerodynamic load.

The above scheme for accounting for model weight effects on the
balance has several shortcomings. First, it only accounts for
static effects. Dependent upon the model mass and pitch history,
there may be significant dynamic loading effects that would have to
be corrected for either experimentally or analytically. Secondly, a
six-component balance must be used. If only a four-component balance
is used and the model center of gravity is not on the balance axes,
it is not possible to accurately compensate for model load effects.
Another problem that arises in calculating model weight effects is
that the balance mass also affects the readings. If the effects of
model mass on the balance readings are to be calculated as a function
of model orientation, it is essential (in some cases) to account for
both the model mass and the balance mass and their different centers
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of gravity independently. Furthermore, the apparent balance mass
that influences the gage readings is different for different gage
sections.

Another scheme for accounting for model and balance mass effects
is to sweep the model through the same orientations that will be
used in the dats run. During this sweep, record the balance output
channels, reduce these data to loads as a function of model
orientation, and then subtract these measured loads from the data
acquired during the test. The disadvantage in this technique arises
if relatively large sting and balance deflections occur as a result
of the aerodynamic loads. If that occurs the mass effects may not
be known for the same exact orientation that occurs during the test.

Neither of the above schemes is ideal. Dependent on the test
parameters, such as balance mass/model mass, aerodynamic load/model
weight, pitch angles, pitch rates, static deflecticns, etc., either
of the techniques may be preferred. If sting deflections are
minimal, the technique of pitching the model and recording the mass
effects is generally preferred at the White Oak Laboratory.

TARE MEASUREMENTS

Tare measurements are sample recordings of all test parameters
made under a no-flow condition. These recordings are made so that
a zero reference point can be established for all instrumentation
just prior to the acquisition of data. This is done by recording a
short sample of the balance data acquired at either a fixed pitch
angle or during a sweep. These readings are then compared to the
readings acquired during the weight effects sweep for the same
angular orientation. The differences between the balance tare
readings and the weight effect readings are then stored as balance
offsets which are applied to all of the balance data recorded
immediately after the tare.

If any change in the balance output channels occurs due to
thermal effects, it is quite important to obtain a new tare in order
to update the balance reference reading.

DATA REDUCTION

In the data reduction each line of data (balance data recorded
at one point in time) is reduced independently from the others.
The first record of all balance channels and angular positions is
read from the data tape. These data are then adjusted by subtracting
the balance offsets that were determined in the tare. These adjusted
readings are then reduced to loads through the iterative process
described in the section on General Load Resolution Technique. The
aerodynamic loads are then found by first interpolating the weight
loads in order to get the proper model effect at the same orientation
for which the data were recorded and then subtracting the model load
from the measured load.
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Once the loads are known, it is possible to calculate how much
the balance has been deflected by these loads. The deflections are
calculated from the information determined in the static angular
calibration and added tc the measured orientation in order to
determine the true orientation.

These loads and orientations are then reduced to coefficient
form in the desired axis system in a separate subroutine called
COEFF. Generally the coefficients are defined in the balance axes
as follows:

_Fx
AFC = Ca = Q—A—
F
Y
Y = = ——
FC Cy QA
N QA

RMC

F g

PMC = Cm =

0
>
()

o
g
IS

where
Q = dynamic pressure (psi)
A = reference area (inchesz)
£ = reference length (inches)
-F, = F, = axial force (1lb)

X A
Fy = yaw force (1b)
-FZ = FN = normal force (1b)

= roll moment (in-1b)
My
My

= pitch moment (in-1b)

< 4
"

5 = Yaw moment (in-1b)

The various axis systems and transformations are shown ir Appendix

A and the data-reduction subroutines are shown in Appendix C.
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GENERAL COMMENTS

The purpose of this report is to explain the concepts utilized
at the White Oak Laboratory in making static force and moment
measurements. In the actual utilization of these techniques many
problems arise that are rarely ever brought out in a general
discussion, and unfortunately, it is these problems and how they
are handled that determine the quality of the data obtained. Some
of these concerns, such as the accounting for model mass effects
and balance drifts, have been alluded to already.

In general, there are four areas that must be examined and
checked in order to obtain quality data.

The first question is, What is the quality of flow? Parameters
of concern here are the uniformity of the flow over the model during
the test period. These qualities are tunnel dependent and outside
the scope of this report but are still of primary importance to the
value of the data.

The second area of concern is the establishment of reference
conditions. Included in these are the details involved in determin-
ing the balance output with no aerodynamic load and in determining
the calibration constants. It is imperative that check loads
(multiple combined loads) be placed on the model and/or balance and
reduced in order to check the validity of the calibrations and the
accuracy of pure static measurements without the complications of
flow.

The third area of concern is the establishment of the alignment
of the model and balance with respect to the flow. This is especially
true for nonsymmetric models for which the normal force and pitching
moment are not zero at zero degree angle of attack. With a
symmetric model it is possible to move the model in the flow until
the crientation is determined for which no aerodynamic force or
moment exists. This location establishes the point where the total
angle of attack is zero. Depending upon the accuracy desired and
the facility in which the test is being conducted, it is sometimes
necessary to utilize a symmetric model to establish these conditions
as reference conditions for a nonsymmetric model. For models which
have a slight asymmetry, it is pcssible to test them at various roll
angles (for example, 0, ¥90, 180 degrees) in order to find the
orientation of the model with respect to the flow.

The fourth area that must be analyzed carefully is not always
present but certainly must be reckoned with in some small hot
facilities. This is the problem of how to handle balance drifts and
shifts which are usually caused by thermal gradients across the
balance sections. If it is not possible to insulate or cool the
balance it is usually necessary to limit the duration in which the
model is exposed to the hot flow. This may mean that it is necessary
to obtain data for just a few fixed angles rather than to leave the
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model in the flow and sweep through a large range of angles. If a
test is being conducted by sweeping the model through large angles of
attack, the thermal effects are angle dependent and may not be
evident to the project engineer unless multiple sweeps are made and
the data are compared. It is possible for the thermal effects to
follow the angle of attack closely enough so that the differences
between tares conducted before and after the run are very small but
yet the effect on the data at high angles may be quite large.

The ideal way to eliminate the above-mentioned problems would be
to improve the design of the halances and tunnels, but since this is
not always financially possible, the project engineer must resort
to procedural changes in the manner in which the test is conducted.
This may mean that additional flow alignment runs are necessary, or
that sweeps may not be possible, or that additional tares may have
to be taken. All of these things must be considered in the initial
design of the test program.

25



NSWC/WOL/TR 76-26

APPENDIX A

AXIS TRANSFORMATIONS

Within the daca-reduction process there are a number of axis
systems which are used. The tunnel axes are considered to be the
reference axes. These axes may be dafined slightly different in
each of the tunnels but in general both the XT and YT axes are

defined to be in a horizontal plane (established with a precision
level) with the XT axis pointing into the flow and the vertical axis,

ZT, pointing down. All angular rotations of the sting are defined

with respect to the tunnel axes through the angles 6, y, and ¢,
and generally, in that order. Since the tunnel axes are somewhat
arbitrary, the matter of real importance is the location of the
sting with respect to the wind vector. The small angles Aew and

Aww are used to define the tunnel axes with respect to the wind axes
(See Fig. A-1l).

The transformation matrix to go from the wind axes to the
tunnel axes in the order of pitch, yaw, and roll is called IQWT].

cosAwwcosAew SlnAWw —cosAww51nA6w
WT] = -51nAwwcosA9w cosAww s1nAwwslnAew
51nA6“ 0 cosAew

where the order is Aew -+ Aww > A¢w.

The transformation matrix to go from the tunnel axes to the
sting axes is called [, .].

TS
cosycosd siny -cosysin®
[QTs] = | -cos¢sinycos8 + singsin® cosdcosy costsin¥sin® + sindcosb
sin¢sinycosd + cos¢sin® -sin¢cosy -sin¢sinysin® + cos¢cosb

where the order is 6 + y + ¢.

If a dogleg sting is used or if the first rotation is in the yaw
plane, a different transformation matrix must be used to go from the
tunnel axes to the sting axes. The sting orientation would be as
shown in Figure A-2. The transformation matrix would then be,
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cosfcosy cosBsiny ~siné
[ETSY] = | -cos¢siny + sin¢sinBcosy cosdcosy + sin¢sinBsiny sin¢cosf
sin¢siny + cos¢sinbcosy -sin¢cosy + cos¢sinfsiny cosfcos¢

where the order is V > 6 + ¢.

The variation in the balance orientation with respect to the
sting is due to the deflection of the balance and sting due to the

loads. These deflections are defined as &, Yy, and € (see Fig. A-3).

The transformation matrix is [ESB].
cosycos$ siny -cosysiné
[QSB] = | -cosesinycosd + sinesiné COSECOSY cosesinysind + sinecosé
sinesinyceosé + cosesiné -sinecosy -sinesinysiné + cosecosé

where the order is 6 + vy » €.

If the model is rolled with respect to the balance through an
angle, ¢M’ the transformation matrix is [RBM] (see Fig. A-3).

0 0

1
[2..] =10 cos¢M sin¢M
0

BM
-51n¢M cos¢>M

When the model moment reference center is not located at the
balance center, it is necessary to translate the balance moments.
The distances along the rotated axes are called DXMC, DYMC, and
DZMC and are positive if the moment reference center is located
forward, right, or down from the balance center (see Fig. A-4).
The moments referenced to the model moment reference center are
calculated as follows.

- - o . []
My M, pxMc || o Fy Fy
1] ]
MYC = MY' + | DYMC -FN 0 FA
] ]
Mz My.| |pzuc | |-Fy -Fp O

e
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FIG. A-2 TUNNEL AND STING AXES FOR A YAW, PITCH, ROLL SEQUENCE



NSWC/WOL/TR 76-26

FIG. A-3 STING, BALANCE, AND MODEL AXES

A-5
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FIG. A4 RELATIONSHIP BETWEEN BALANCE CENTER AND MODEL MOMENT
REFERENCE CENTER
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APPENDIX B

BALANCE CALIBRATION PROGRAM
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BALANCE CALIBRATION PROGRAM
APPENDIX B
PHOGRAM BALCAL (INFUT=F4sCUTFUT s6e s TAPESZINPUTSTAPEG=OUTPUT)

THIS PROGRAM [S USED TO WELCUCE BALAMNCe CALIBRATION LUADPINGS

THE FOLLOWING INPUTS AKE NEFIAFID) ASeesesee

HAL = NAME OF BALANCF
MC = NLMRFE CF RALANCE CCMPONENTS
ITYPE = 1 INCICATES A mMOMERT EALANCe

= 2 INDICATES A FCRCE=M(miNT HALANCE
DATE = DATF CALIRRATION wWAS PERFCRMED
ENG = ENGINEEKR PERFURMIMNG CALIERAIT[ON
DARE = DATA ACGUISITION SYSTEM USEL
SETSCAL = AOMINAL MV FUI L SCALF SENSITIVITYeseoehNTE IF THIS
IS A RFDUCTICN OF A MOMENT dHalanCke I1TYPE = 1o THE SETSCAL
VALUES FOR CFrANNFL ) MUST FQUAL Tht VALUES FOR CHRANNEL ¢
AND CHANNEL 3 MUST MATCH CHANNEL 4.
OFF = INITIAL KFANINGS OF ALL CrANNELS wITH ANO 1.GAD
SCALE = SFASITIVITY SETTINGS Al wHICH L0QAUS WEKE MEASURFLD
Wl = VALUES CF LOANWS FUNC (Ln Cx IN=Lb)

n = DARF CRANNEL KEALINGSE (COLNTS)
L = LOAD TYPE ANUMEEK

¥ = CHANNEL MNUWNHKER

N = LOAD ANUMEBEK

L

S = 11 AT END OF INCIVIIUAL LCAUING SETLP
& 96 AT _AD OF CALIHKATION

DIMENSION WT(2T7e0910)9a(60e27)oR(Ee27)otiClbocl/)oX(1N) oY (10)eAN(Z)

1PRMSEN(6) ¢OFF (A) o RD(270F010) s SCALE (EocT) o {cToeRolu) o THILE(Z2T)
IFL(6) oPLIA) oCLLLE) oCZP (6) o THUR (A) sLELT(O) oAN(2T) o« SFTSCAL (6)
DIMENSION RAL (2)«CATE(2) oFNC t2)

REAL KNH(6)

DATA TITLE/PHFN«2FFYos2?hVY ek 'LocdtMXoZnrAosqnFntive4HFAF Yo hHFENMY
L4HFNMZ 0 4HFNMX o4 rFAFAQGRFYFY a4 hF YNY o4 HF YMZ o 4FF YNX 96 HF YF A9 oRMYMY o
14HMYNZ 4 HNYMX o 4FMYFAQGAHNZM2 ¢4 hM7V X g4 /FAs4EMAMXsaHMXFACUFAFA/

ARRAYS AKE IMN[TIALIZED

DO R Mz=]4k

OFF (M) =THCK (M) SCEL T (M) =FRMSEN(M) =G 0
DC 9 L=le27

NA (L) =0

DO 9 M=1,4¢

A(MoL)=0.0

SCALE (MeL)=UaD

BC(MoL)=0.0)

DO 9 A=1el0

WT(LeMeN)=D,

# ALL CALTIHRATION DATA ARF wFAD 1M HEKE

*
10

ANOZ
20
30

35
40

READ(5e8007) RALWWColl1YHE

READ(S<8002) CATE

READ(S«8002) ENC

RFAD(S<R007) [AFE

READ(Se800%) CUMTHIMy (SETSCAL(M) ov=]00b)
FORMAT (2A1064TSsT5)

READ(SaH00S) LellUNo (UFF (M) eM=] et)
KEAD(S¢B008) Lo HLMe (SCALE(MebL)eM=10eb)
DO 35 Mz]eMC

OFF (M) =OFF (M) #*SCALF (MeL ) /5L 1SCal (V)
READ(SeB00S) LoNo(wT(l oMenN)emz=lef) ol S

B-2

FALUO10GO

RALOO110

RALUVO1S0
RALUVO1ob0O
RALUOL 70
RALUU1YE0
HALVO1YSY
RALVOZOD

HALUO0CZJ0
RALUOZS&U
RALuOeZYSU
HALUOgHU

HALOOZ2T0
FALOOZHO
RALUOCYO
FALUDSOO
RALUO310
BALUO 32U

PALOO340
RALLOJSU

HALUO39v

» e
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APPENDIX B (CONT.)

8005 FORMAT (2]I%6F10.0412) BALVO4LO
. RALLO&ZY
* LS = 11 AT END OF TINCIVICUAL LCAUING SEtIUPS
* LS = 96 AT END OF CALIK CATA PALUO440
b PALUVATO

S0 READ(SoeB005) Loho(R(LeMoN) aM=196) LS HALUU®B0

L R J

READINGS ARE NOw ACJLSTED FOR FROPER SCALF SETTINGS

S2 DU 55 m=z]eMC

NH(M) =H (L oMoN)

NH{(M) =NH (V) #SCALE (MeL) /SETSCAL (M)
§5 CONTINUE

] RALUOGSU
#  MOMENT GAGE RFADINGS aRE ADJUSTED FCr UTTLIZATION AS FORLE HALULOSUU
*  AND MOMENT GAGES IF NECESSARYs AND ALJUSTMENTS AKE MADF FOK OFFSETS
L RALUUSZY
IF(ITYPELFQ.1) GO TO wv
GO 10 62
60 RO(L9IsN)I=NHI(2)=0FF (2)=(NF(]1)=0OFF (L))
RO(LoZ2oN)ZNH (&) =0FF (4)=(NF(Z)=0QFF (3))
RND(L93oN)=NH(1)=0UFF (1) +AN(2)=0FF (2)
RD(Lo&oN)SNH()=OFF (3) ¢NH(4)=0FF (4)
RD(LeSoN)=NH(8)=0OFF (%)
RD(Ls6oN)=NH(E)=OFF (()
GO 1C 70
62 DO 65 Mz]MC
65 RD(LoVMoN)=NH(M)=(FF (M)
T0 NN(L) =N FALUOSYO
IF(LSekCell) GC 10 20 HALUOYSY4
IF (LS.EQeS9) GC TO RN HALUObYE
GO TC 40 HaLUu0600
- HALUOG10
#  SOLUTICN FOR PRIVMARY SENSITIVITItSe FIhST OKDER INTERACTIUNS. FALUOGZY
#* AN SECOAND ORDFRF LCAC SGUAKED INTERACTIONS HALOOG3U
L FALUOG&Y
80 CONTINUE RALUOD6S0
60 TC «00 RALOOGYS?
90 CUNTINUE HALOO6S4
DO 200 L=1eMC RALUOG6OY
DO 1SS0 I=1eMC RALUOGTY
NO=NN (L) RALUDERO
IF (NO.EQ.D) GO TC 200 RALUV06YY
DO 150 N=].eN0O PALOOTOO
X(N)=wT (Lol oN) RALUOTLO
YI(N)=hD(LoIeN) RALOVO/¢U
150 CONTIAUE RALUO730
» RALUOTAU
* ECGUATICN YZA(])®XeA(P2)NXORL RALUUTSO
L4 PALUOT60
CALL FITI1(NCeXeYeaAN) RALUOTTO
- PALUGTEO
A(TIoL)=AN(]) HALUOTYU
[1=21=((6=L)®(T=L)/2)+L HALOOROLO
H(IsIT1)=AN(2) RALUORILO
190 CONTINUE RALUUBEY
200 CCONTINUE RALUNBIO
- FALULUB&Y
L PRIMARY SEASITIVITIES RALUONKSY
. RALOONHGO
DO 210 I=leMC RALUOHBTO
BC(IeIN=1, RALUVOBBO
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APPENDIX B (CONT.)

Ir(A(Te])eEQe0.C) GO TC 210
PRMSEN(I)=1e/A(101])
210 CONTINUE

FIRST CRNDER INTERACIIOMS
DO 230 L=1.MC
DO 229 I=1.MC
IF{I«EQ.L) GO TC 227
BC(IsL)=PRMSFA(T)®A(TWL)

SECOND ORDFR LCAD SULANEL INTERACTIUNS

2217 11=21-((6=L)*(T7-L)/?)+L

*

RC(IeII)=PRMSEN(I)*H(]I])
229 CONTINUE
230 CONTINUE

SOLUTION OF FFMAINING SECCAD OhDER INTERACTIONS

DO 300 L=8.26¢
NC=NN (L)
IF (NCsEQ.0) GO TC 300
IF(LeCEeBeANNGLJLFe1?) 235437
235 La=l
LA=L=-€
GO TC 270
237 IF(L.FN.13) 300624l
2‘] IF(L.GE.I‘.AKC.L cLF.ol-’) 2‘53'245

243 La=2
LH=L=-11
60 TC 270

245 JF(LekQalB) 3004247
2‘7 IF (L.(:E.IC.AM?.L .LF.ZI) 2490?51

249 LA=3
LE=L=15
GO 10 270

251 IF(LeFQa2Z) 3I0V+253
253 JF(LeCGE o22sANNel oL Fo24) 2594257
255 La=s4
Lk=L=-14d
GO TC 270
257 IF(LeEN25) 3004259
259 LA=5
LR=L=-20

270 LC=21=((6=LA)*(T7=LA)/P)¢lA
Lh=2)=((6-LR)*(T7=LK)/?)+L¥
DO 260 I=1.MC
D0 280 AN=1sNO

RALLOBYY
BALOOYULOD
PALUVOY]1Y
RALLOYZO
AaL00Y30
BALOUS4Y
BALUVU9SO
BaALUVOSGU
BALUOYTY
RALULOYSBO
RALU0990
HALUL0VO
FALOlULY
RALVL]IUVZO
HALULO30
RALUL10e0
BALULOSU
RALU1060
RALOLOT70
RALUlVOBU
BALUL09V
RALV11vVO
RALOL111v
RALUL1cO
HALO1130
RALUL 140
RALUL150
RALULl1l00
walLoull v
HALUL180
RALV1I1SY
RALUL20V0
HALUIZIU
RALUl#ZE0
#al012390
RALvlcel
SALO1250
RALUV]1260V
RALOL1270
FALU]20B0
RALULZY9Y
RALU]13UO
RALV13]0
RALU]) 320
RALO1330
RALULl3ay
RALUI3SY
BALUL360
BALU137V
RALV1I3d0

Y(N)ZPRMSEN(T)*FD(Lolon)=hC(Is LA)SwT(LoLAIN)=RC(loLb)*wT(LoLEsN)=-BALGL13G0

1 RCUISLC)*wT (LoeLAN)®E82=n(C (Tol ) ®nT(LoLBoN)ORy

280 X(N)=wT (LoLAoN)®wT (LolreN)
CALL FITZ2(NOeXoYoAN)
ECGUATICN Y=A(])#%x

250 BC(IsL)=AN(])
300 CONTINUE

CALIHRATION LOARS ANC KEBNINCS L ISTEL
GO TC s5%2

B-4

BALU)&UVOD
RALUl&10
RALUl &gy
RALV143V
RALUV]&4&D
RALUL&SO
RALVOL&GY
RALUL]STOU
HALU)aB0
BALUL14Y0
RALULL1S00
rALU1S02
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APPENDIX B (CONT.)

RALULISIV
400 WwHRITE(6o9001) RALULLSZU
9001 FORMAT(1rH]1e53X®NAVAL SUKRFACF wFAPCAS CENTER®//SIXowk]Te OAK LABOKABRALULSIY
1TORY®) RALU]IS4Y
WHRITE(69S002) HALIENG RALULSSY
9002 FOKMAT (/&X*HALANCF *2A1Ue70R®EWCINEER ®ZAlV) tHALU]1S060
WwRITE(6+9003) VATF sUARE
Q003 FORMAT(4X®CALIHRATION DATF  #2310006X%DAKE ®¢AlV)
WRITE(6+9040) SETSCAL
9040 FCRMAT(/5ZX*MV FULL SCALE SETTINCS®*ec(Fl0ec)/)
WHITE(6e9004) (TITLE(L) eL=10€) o (TITLE (L) oL=106) RALULSYY
9004 FOKMAT(/® L N®G (BXAZ) shX ot (RXA2)) RALUL6UY
wHITE(6+9005) RALUIGLU
90NS FURMAT(10Xe6(AXRLCAD®) oSReh (TXHRLCEH)) RALO1620
RALU1G3IN
DO 500 L=1.27 RALUlb&U
NO=NA (L) BALU165SY
IF (INOLEQel) GO TC 500 BALU) 66U
D0 #99 N=1NO RALUI&TO
WRITE(6e¢S006) LeNe (WT{LoMeN) eM=) o€ ) o (hiI{LoMoN) V=] ot) HALU1ABL
Q006 FOCRMAT (/21404 %XeEF)0e4e3XeFl0a1) RALULLI6OYO
499 CONTINUE RALOLITUO
$00 CONTIANULF RALULTIO
WHITE (69001)
WRITE(6+90027) EALIENG
WRITE(heSON3) C[CATEUAKE
wHITE(CsSO00T)(TITLE(L) eL=1ot) s (Lol =]or) Ealul 7«0
9007 FNRMAT (/® L NEG(HXAZ) e X ot (BXIF®]1)) BALOLTSU
DO 550 L=1427 FALULTe0
NC=NA (L) RaLull1l0
IF (NCoFQeN) €GO TC 50 RALUL T80
WRITE(FeG040) (SCALF(MaL)e M=]oM()
DU 549 N=]+NC RALO]) 790
WHITE(695006) LoNoe(wT{LeMeN)oM=1oF)o(H(LoMmsN)oM=14b) BALUIBULO
549 CONTINUE bALOLBILO
S50 CONTINUE RALULI&ZY
FALUIB30
GC T1C 90 BaLulud?
82 CCNTINUE PALUININ
CALIPHATIUN CONSTANTS LISTED RALL]kaGY
RaLvlesu

WRITE(6e5001)

wRITF (6e9002) FAL «FNCE

WHITE (6eG003) CATFDARL

WHITE (6eSC00R) RALULBOY
9CCR FOWMAT(/ <13X5CALTRRATICN SYSTEM VALUFS®#J0X®nOkMAL TZED IMIERACITIC

IN®/T74x%CCEFFICIENTS®)

WHRITE(6sG0NY) (NKeAK=]et RALU]IHYY
Q009 FORMAT (/)11 X®MCMENTRGXENAKE SCALERZEX96]1Z)

WHRITE(6eSCIN) (TITLE (NK) ehk=]0et) RALULV]Y
Q010 FORMAT (12X#GACGFASX# (FV=FUlL SCALE)®#zZ2Ro0(l0Xarz)/)

DC 310 AK=]e6k FALUL9IU

WHITE(6eS011) NKeSFTSOAL (nr) enKeTTILE(AK) o (KCUTONK) 9 I=196) BA
901) FORMAT (14XalledXCh 20 lXelllolxacedrontlcdey)

310 CONTINUE RALU]LYGU
DO 315 NAK=T7,10 RALUL]IG /0
WRITE(6e90)TIANKeTTITLE(AK) e (RC(IoeAK)w]=]00) BALULIYEO

9017 FORMAT(92Xe]2elXeBdelXebt]lab) RALU19%0

315 CONTINUE RALULZOUVY

WHITE(64902]1) (FC(T:11)9eIz=]0eb) HALUZ010
90721 FORMAT (12X aPnIME SENSTITIVITIES®2IA®l) FNMX®IXeALE12eS)
WRITF(6e90,2) (FL(Iel?)el=]e6) RALOL2030
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9022 FORMAT(10X#(LP Ck IN=LR PER CUUNT)I®]9X*#]12 FAFA®]1Xe6F12.5)

WRITE(609023) (PC(Iel3)el=1e6) BALL20SO0

9023 FURMAT(S52X#13 FYFY®1Xe6F12.5) RALv2VGY
DO 330 NK=1,6 RALL2070
N2=NK+13 HALV2080
WRITE(6+9024) TITLE(NK) oPRMSEN(NK) oNZoVITLE (NZ) o (HC(1oNZ)oI=1s6) RALUV2VUYO

9024 FORMAT(12XeA29SX0E12:5e21X]201XA4olN06E1Z.9) RALO2100
330 CONTINUE HAaLV210
D0 340 NK=20+27 RALU2]12y
WHITE(695030) NKeTITLF(AK) o (HC(IeAK)s1=190) RALLZ]30

9030 FORMAT (S2Xe12e1XeAbslXetE]2.5) RALUZ140
340 CONTINUE 8aL0215¢
BALOgl6N

* CALIBRATION CHECK AALOZ21T70
RALLZ180

WRITE (6+9001)
WHITE(699002) FALGENG
WRITE(6+9003) CATESDAKE
WRITE (6+9038) RALOZ21YY
903R FORMAT (/ sHOXSCALIRRATIUN CHECK®// RALGLZ2G0
13a4X*APPLIED WEIGCHTS®*3aX*)IFFERKENCE PETwEEN LOAD READIMG AND CALCUL
CATED*/B4X2REACTAGe K(AXZ2T) X L(27A1) IN CUUNTS®)
WHRITE(699041) SETSCAL
Q04]1 FORMAT(/5G6X® (MV=FLI.L SCALF)®6(Fl0ec))

WHITE(0eS0NA) (TITLE(L) oL=1eR) o (TITLE(L) oL =10r) RALO2Z230
WRITE(6«9005) RALUZ240

Ne 1000 L=127 RALUZZSY
NC=NA (L) HALOZ226V

IF (NC.EQ.D) GO TC 1000 HALU22T0

DO 666G N=]1oNO PALU27280
LL=6 RALu229u

0O 530 I=1+6 RALL2300

530 FL(I)=wT(LeleN) QaLueldlu
00 540 I=]le6 RALOZ31ES

DO 5S40 J=z=le+6 PALUZ2I20V
LL=LL+] BPALUZ233U

540 PL(LL)=FL(I)®*FL (V) RALUZ3a0
UDC 560 I=146 RALUZISV
C2P(1)=0. RALU235%

560 CIL(I)=0. RALOP360
DO 600 JU=146 RALU23Tu

DC 600 I=1ls6 RALU238UY

600 CILGUI=BC(UsT)*FL(T)+CIL (J) RALUZISO
D 700 J=1e6 RALOZ2400

DC 700 I=7+27 RALURZe1V

700 CeP(U)=C2F (U) +RC (LoD pL L) RALUL242(0
DO 800 J=1e6 RALUZ4 40
IF(PRVSEN(J) .FQR,040) GC TC w00 RALUZ#40
THCK(J)=(CIL () +C2P(J) ) /PNRVSEN(Y) RALUZ2450
DELT(UIZSRC(L oS oN)=THCK (L) RALO2a06U

R00 CONTINUE RALUCeT0
WRITE(699006) LeNe(WT(LsMoN)or=1o&) s (LELT(J)ou=les) RALUZ&BY

999 CONTIMNUE RALOPa%0
1000 CONTINUE RALULZS00
END RALULZY10
SUBROUTINF FTITL(NFTeXXeYsar) RALUZSZ0
DIMENSICN XX (10)eY(10)eAN(Z2) iv(o9) o Xk (VelU)eA(26s3) RALUZHJIU
tX»TERNAL VFI RALUZH40
N(l)=2 RAL 02550
N(2)=NPT RALUPSGO
N(3)=2 RALuUZSH Y
N(4) =g RALUZSEY
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N(S)=0

DO 10 I=1.2
A(Is)=1
A(Ie+l)=0.

00 20 L=1eNPT
X(leld=XX(L)
X(2sL)=Y (L)
X(3sL)=1e

DEL1=1.0E-6

CALL LSGSLR(NeXsasVFLeNELT)
DO 30 I=1l.2

AN(T)=A(1e])

CONTINUE

RE TURN

END

SUBRCUTINE VF1(hoXoNFeA)
DIMENSION DF(1)eX(1)oA(1)on(])

* EQUATION Y=A(])XK+A(2) Xwag

10

20

DF(1)=X(1)
DF (2)=X(])an2
X(9)=Al(1)®IF(1)+A(2)*DF (2)
RE TURN
FND
SUBROUTINE FIT2(NFTeXXeYoAN)
DIMEANASION XX(10)eY(10)eBN(L1)oN(S)eX(9910)eA(2602)
EXTERNAL VF2
N(l)=]
N(2)=NPT
N(3)=2
N(&)=2
N(5)=0
A(ls2)=],
A(lel)=0.0
DO 20 L=1eNPT
X(loL)=XX(L)
X(2eL)=Y (L)
X(3sL)=1o®
DELT=]1.,0E~-6
CALL LSGSLR(NeXgA9VF24DELT)
AN(]1)=A(1s])
RE TURA
END
SUBRCUTINE VF2(NoeXeDFosA)
DIMENSION DF (1) eX{1)eA(1)eN(])

* EWQUATION Y=AX

DF (1)=X(1)
X(9)=A(1)®DF (1)
HE TURAN

END

RALULZSYO
AALULZOU0
RALUZ610
RAL02620
BALU2630
BALUZ64U
RALULZ6S0
HAL02660
BALUZ6TO
RALO2680
RALU26YY
HALU2T00
RALL2TI1D
RALULR2T20
RALU2T730
RALUZT40
RALU2TS0
RALO2T760
RALL2TTO
RALU2TBO
RALUZTYO
BALYPHUO
RALV2HI10
RALU2B20
EALULZHIO
RAL.UZ2bB4Y
RALUZHSU
RAlL u2BK0
RALUZEIY
RALOZ080
BALUZEHYY
HALUZYUO
RAL0Z2Y10
HALU2YCO
RALUZY93V
RALOZ29«0
PALU2950
RALUZYED
RALU29TV
RALUZYED
AALOZ9YY
RALUJIOOO
RALUIOIOL
RALU3020
BaLU3VIV
RALU3VA0
RALU30S0
RALU3ULED
RALUIVTO
RALUO30HBO
HALUOA0YU
RALO3)UO
RAL03110
AALU3LZO
RaL0O3130
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DATA REDUCTION SUBROUTINES

APPENDIX C
SUHHCUTINE BALPR (UCMPTSeHNMeCLIoCliCE)

PURPOSE
CALCULATE THF INVEKSE MalIKIX CF THE NUKMALIZED 1ST
ORDER INTERACTIONS wnD THE PrCCUCT OF THIS INVFRSE
MATRIX wITH THE NOWMALIZED 2MC URUER INTERACTIUN MAIKIX

DESCRIPTICN
JCMPTS INPLT NUMRER CF RALANCE COUMPFONENTS
RN INPLLT NCwMA| T2EN FALANCE MATRIX

Cli OQUTFUT INVEWSE MATRIR CF 1ST UwLER INTERACTIUNS
ClIC2 OUTFUT #R0ODUCT OF CIT ANu M) OKDER INTERALTIONS

DIMENSION C2(12€¢) eR(Bol)eC1(6oh)abM(6s21)9ClI(AR)CIIC2ILE2)
Mz JCMPTS

NC=M®* (M+]1) /2

D0 30 Js=lem

B(Jel)=140

DO 30 K=leM

CliJeK)=RV (JeK)

CALL NMATRIX(CloNMoboRo'eCETERMIN)
L=0

DO 40 KsleM

DO 40 JUzleMm

L=sle+l

ClI(L)=Cl(JeKk)

L=0

Kl=me+])

K2sMeNC

D0 S0 K=KleK?

DO S0 JsleM

L=bL+1

CP2(L)=BM( oK)

CalLL GMFXFA(C1IeCcoClIC2eMeMoNC)
RF TURN
END

SUBROUTINE ITERA(THeLOADSPRVNSENGCIT9CLIC2oJCMFTSeTIMAKSIACCURSIER)

PURPCSH
RECUCES THE CATA T0O LOADS bY USING THe HALANCE MATK[X AND
ITERATING

DESCRIPTICN OF FARAMFTERS
TH CHANNEL REARINGS IN COUNTS
LOAD LOAN CONMPONENTS CCRRECTED FUr INTERACTINNMS
(FORCF AND MUMEMT UNITS)
Cll1 INVERSE OF NOKMALIZED 1ST OkDbk INTERACTINONS

ClICz PRODUCT OF C1I ANC NORMALI/ZED 20D ORDER INTERACTIONS

JCVPTS NUMRER CF HALANCF CUMPCNENTS

1TMAX  MAXIMLM NUMKFE OF TTERATIONS

ACCUR SMALLEST LOAC UNTT THAT Chm (1B wESOLVED

1ER ERKNR INNDTCATOKR FCH CUNVERGENCE
IER = 0 LOADS COMNVENRCEL
IER = 1 LOADNS HIC MOT CUNVERGE HEFURE TTVAR
WAS KREAULHED

c-2

FONCE

FORCE
FOKCE
FORCE
FORCE
FUKRCE
FOKCE
FOrCE
FOrCE
FOKCE
fFUKRCE
FORCE
FORCE
FUKRCE
FOKCE
FORCE
F OKCE
FORCE
FOKRCE
FOKCE
FORCE

FOURCE
FORCE

FURCE

i
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REAL LU(G) oPRMSEN(6) o TH(A) oFPSO(E) 9 (3A)sCLT(36)C1IC2110LZ)eLCAD(E FOKCE

1) oDELTA(6) «ACCUF (€) ok PST(F)
M=JCMPTS
N=M# (Me]1) /2
D0 20 I=)leJCMPTS
20 LU(T)=PRMSFN(T)*TH(])

izlelslaNeNeNsNoNeNoleNeNeNeoNeNaNe!

CALL GMPXFA(C)IeLULl.OADOMeMy})
L=0
DO 60 Islem
EPSO(I)=0.,0
DO 60 JsleMm
L=L+l
IF(I«NEeuw) GO TC &9
IF(LOAD(I)) SRsEYehHo
58 P(L)==LCAC(I)*LCALCI(])
GO T0 o0
59 P(L)=LOAC(I)®*LO0AD(D)
60 CONTINUE
IT=0
DO 300 NI=1¢1TMAX
IT=]Te1l
80 CALL GMPXFA(CLIIC2eFPebtPSTIoMoNele
6N CALL GMSBF (EPSTsEFSUNELTAWV)
100 CALL GMSHF (LOANSDELTAGLCANyy)
L=0
DO 105 J=zleM
Dn 105 J=zlem
L=Lel
105 P(L)=LOAD(T)*LOAN(J)
110 CALL TESTF (DFLTASACCURWVNICAVG)
120 [F (ICNVG) 40041304400
ICMVG=0 FAS NOT CONVERCGED

ICNVG=1 ALL CELTAS AKF LESS ThHaAN ACCUw

130 CALL GMEQF (EPSIetPSQOsM)
IF(IT.FQReITMAX) [ER=]
300 CONTINUE
400 RETURN
END

SUBRCUTINF GMPXFA (AsHoRoMoNaoL)

PURPCSFH

MULTIPLY TvwO GFNERAL MATHICES TU FUKM A

RESULTANT CGENERAL MATRIX

DESCRIPTICN OF FARAMETEKS

A INPLT FIRST MATRIX MAME

B INPLT SECCNL MATKILIX NAME

k OUTFUT MATHIX NAME

M INPLT NULMEER OF HCwWwS IN MATKRIA A OK ®

N INPLT NUMRER OF CCLUMAS IN A Anly HOwS IN B

L  INPLT NUMPEW OF CCLUMAS IN MATRIA B8 UR R
METHOD

THE ¥ EY N MATHIX A IS PCSTMULTIPLIED BY THE N RY L MATRIX
d &ND THE RESULT IS STOREL IN THE M BY L MATRIX R.

c-3

FOKCE
FORCE
FORCE
FOKRCE
FURCE

FOKCE
FOKCE
FORCE
FOKCE
FUKCE

FOKCE
FORCE
FORCE

FORCE
FORCE
FORCE
FORCE
FORCE
FOKRCE
FORCE
FOKCE
FOKCE
FOKCE
FORCE
FORCE
FORCE
FOKCE
FORCE
FOKCE
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REFERENCE
NASA TN D-68¢€0

DIMENSION A(l)eB(]1)eR(])
1A=0
IK==N
DO 30 K=1,L
IKz=IKeN
DO 20 JsleM
IR=IR+}
JizJ=M
IR=]K
R(IR)=0,
DO 10 1I=)leN
JizJdI+M
IB=]B+1
RIIR)=R(IR)+A(J])*H(IB)
CONTINUE
CONTINUE
CONTINUE
RE TURN
END

SUBROUTINE GMSHF (AeBosRsVN)

PURPOSE
SUBTRACT ONE GENFRAL MATKIX FRCM ANOTHER TO FORM
A RESULTANT CGFENERAL MATRIX

DESCRIPTICN OF FARAMETERS
A INPLT NAME CF FIRST MATRIX
B INPLT NAME CF SECCND VATRIX
K OUTFUT MATRIX NAME
MN INPUT NUMFER OF ELEMENTS IN MATKRIX As He OR R

METHOD
EACH ELFMENT OF MATHRIX B IS SUBTHACTED FROM THE
CCRRESFONDING ELEMENT OF MATRIX A AND THE KRESULT IS
PLACED IN THE CORRELSFONDING ELEMENT OF MATKRIX K

REFERENCE
NASA TN D=6R€0

DIMENSION A(L)sF (1) oR (1)
00 10 TJ=leMN
R(IJ)=A(IJ)=B(I)
CONTINUE
RE TURN

END

SUBROUTINE TESTF (AeHeMAGLF)
PURPOSE

TEST THE ARSCLUTE VALUE Ct EACH ELFMENI CF MATKRIX A TU
DETERMINE IF IT IS LESS ThAN Ck FQUAL TO THE

C-4
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CORRESFONDING ELEMENT CF MATRIX b

DESCRIPTICN OF FARAMETERS
A INPLY FIRST MATRIX NAVE
B INPLT SECCNC MATRIX NAME
MN INPUT NUMPEKR OF ELEMENTS IN MATRIX A CR ®
LE OUTFUT COMPARISOM OF MATRICES A ANL B

MFTHOD
IF ABSCLUTE VALUE OF A(IJ) IS LESS THAN CR EQUAL TO
B(IJ) FOR ALL IJ = 19 2vecees MN THEN LE = )
OTHERWISEe LE = 0.

REFERENCE
NASA TN D=68¢0

DIMENSION A(.)oB(])

LE=0

DO 10 1usleMn
IF(ABS(A(TU))=B(IJ)) 10sluez0
CONTINUE

LE=]

RF TURN

END

SUBROUTINE GMEGF (A+ReMN)

PURPOSF
EQUATE ONE GENFRAL MATRIX TO ANOTHER GENERAL MATRIX

DESCRIPTICN OF FARAMETERS
A INPLT MATRIX NAME
R OUTFUT MATRIX NANVE
MN INPLT NUMPER OF ELEMENTS IN MATHIX A CR R

METHCD
EACH ELEMENT OF MATRIX R IS SET RQUsL T0 TrE
CORRESFONDING ELEMENT OF MATRIX A

REFERENCE
NASA TN D=-6860

DIMENSION A(1) ok (1)
00 10 TIJ=1eMN
RIVI=A(IL)
CONTINUE

RFTURN

END



